Coastal protection, nutrient cycling, erosion control, water purification, and carbon sequestration are ecosystem services provided by salt marshes. Additionally, salt ponds offer coastal breeding and a nursery habitat for fishes and they provide abundant invertebrates, such as amphipods, which are potentially useful as a resource in aquaculture. Fishmeal and fish oil are necessary food resources to support aquaculture of carnivorous species due to their omega-3 long-chain polyunsaturated fatty acids (n-3 LC-PUFA). Currently, aquaculture depends on limited fisheries and feed with elevated n-3 LC-PUFA levels, but the development of more sustainable food sources is necessary. Amphipods appear to be a potential high quality alternative feed resource for aquaculture. Hence, a nutritional study was carried out for several main amphipod speciesMicrodeutopus gryllotalpa, Monocorophium acherusicum, Gammarus insensibilis, Melita palmata and Cymadusa filosa-in terrestrial ponds in the South of Spain. These species showed high protein content (up to 40%), high n-3 PUFA and phospholipid levels, and high levels of phophatidylcholine (PC), phosphatidylethanolamine (PE) and triacylglycerols (TAG), the latter being significantly high for M. acherusicum. M. gryllotalpa and M. acherusicum showed the highest proportion of lipids (19.15% and 18.35%, respectively). Isoleucine, glycine and alanine were the dominant amino acids in all species. In addition, amphipods collected from ponds showed low levels of heavy metals. Furthermore, the biochemical profiles of the five species of amphipods have been compared with other studied alternative prey. Therefore, pond amphipods are good candidates to be used as feed, and are proposed as a new sustainable economic resource to be used in aquaculture. G. insensibilis may be the best for intensive culture as an alternative feed resource because it shows: (1) adequate n-3 PUFA and PL composition; (2) high levels of glycine, alanine, tyrosine, isoleucine and lysine; (3) high natural densities; (4) large body size (≥1 cm), and (5) high concentration of calcium. Moreover, a combined culture of amphipods and fishes in these marsh ponds seems a promising and environmentally sustainable way to develop Integrate Multi-Trophic Aquaculture (IMTA) in these ecosystems. 
INTRODUCTION
In that sense, amphipods could serve as an adequate alternative food resource for aquaculture. They are important low trophic position organisms which play a major role in the biological processing of algae inputs and facilitate the transfer of nutrients from the ocean to the coastline (Hamed et al., 2014) . They are also regarded as important food for economically relevant fish species (Jimenez-Prada, Hachero-Cruzado & GuerraGarcía, 2015) . Additionally, amphipods are abundant throughout the year in marsh zones, reach high densities (ca. 60.000 ind/m 2 ), and show adequate protein content and fatty acid profiles, with high levels of beneficial polyunsaturated fatty acids (DHA and EPA) (Kolanowski, Stolyhwo & Grabowski, 2007; Hyne et al., 2009; Baeza-Rojano, Hachero-Cruzado & Guerra-García, 2014) . Previous studies have explored amphipods as alternative protein sources in experimental diets for farmed fish (Moren et al., 2006; Opstad et al., 2006; Suontama et al., 2007) and cephalopods González, Pérez-Schultheiss & López, 2011; Baeza-Rojano et al., 2013a) obtaining promising results.
With the aim to select the more adequate amphipods from terrestrial ponds as alternative prey, we studied the composition (protein, carbohydrates, lipids and ashes) of the dominant species. Furthermore, lipid classes, fatty acids, amino acids and trace/major elements were also studied in depth. This allowed us to compare with other alternative preys used in aquaculture, in addition to evaluating their nutritional composition and potential to be used as alternative feed in aquaculture.
MATERIALS AND METHODS

Sample collection
Amphipods were collected at terrestrial marsh ponds located at IFAPA ''El Toruño'' ( Fig. 1 ), El Puerto de Santa María, South Spain, within the ''Bahía de Cádiz'' Natural Park. Six ponds were selected (Fig. 1A) for setting passive traps at shore areas during 1 week in December 2014. Salinity ranged from 23.6 to 31.8 and temperature from 12.0 to 15.4 • C. Passive traps, made up of filling oyster's cylindrical mesh structures with nylon mesh poufs, were used to collect amphipods (Fig. 1B ). Traps were fixed close to or inside algae patches of Ulva spp.
The studied species were those found at high densities in the traps, and which are common in macroalgae beds (mainly Ulva spp) at marsh ponds: Gammarus insensibilis Stock 1966, Melita palmata Montagu 1804, Cymadusa filosa Savigny 1816 Microdeutopus gryllotalpa Costa, 1853, and Monocorophium acherusicum Costa 1853 as described by Arias & Drake (1999) . Details on date and collection sites together with size and additional information for each species are given in Table 1 .
Because species' composition and density differed among ponds, in order to have enough biomass for analytical procedures, for each goal species two pools of specimens were selected from the two stations where this species was present at the highest densities. Results are shown as the mean value for the two pools at each station. Specimens were identified to the species level with a binocular stereomicroscope, cleaned with distillated water and directly frozen at −80 • C for later analysis. 
Biochemical analyses
Ash content
The ash content was gravimetrically determined after burning up at 550 • C for 4 h in a muffle furnace.
Carbohydrates
To estimate the total carbohydrate content 100 microliters of homogenised samples (5 mg/ml) were included in 900 microliters, 25 microliters of phenol (81%) and 2.5 ml of sulphuric acid (95-98%), shaken with vortex and maintained in darkness for 30 min; after this time, absorbance was measured at 485 nm (Duboi et al., 1956 ) following Kochert's techniques (Kochert, 1978) .
Total protein and amino acid composition
Total protein analyses were determined using the Lowry method (Lowry et al., 1951) increasing the concentration of NaOH (1.5 M) and heating at 100 • C for 60 min. Acid hydrolysis was used to release individual amino acids from peptide and protein samples: 5-10 mg of homogenized samples of biota were placed in vials with 0.5 mL of 6 M HCl. Vials were flushed with N 2 , sealed with PTFE-tape and a heat-resistant cap, and placed in an oven at 150 • C for 70 min. After hydrolysis, the samples were dried Table 1 Characteristic of the five studied species. Information of Arias & Drake (1999) . Site numbers correspond with numbers of Fig. 1A .
Species
Gammarus insensibilis
Melita palmata
Cymadusa filosa
Microdeutopus gryllotalpa
Monocorophium acherusicum in a heating block at 60 • C under a gentle stream of N 2 , and the remaining solids were re-suspended in 200 µL 0.1 M HCl and stored at −20 • C (Walsh, He & Yarnes, 2014) . An aliquot (100 µL) of standard solution or sample was placed in a 2 mL vial, adding 400 µL of a water:ethanol:pyridine (60:32:8) mixture and 40 µL of ethyl chloroformate. It was capped and vigorously shaken using a vortex mixer for 30 s at room temperature. Gas evolution (carbon dioxide) usually occurs. Then, 200 µL of chloroform (containing 1% ECF) were added and the derivatives were extracted into the organic phase by striking the tube against a pad for about 30 s. The organic phase was dried with anhydrous sodium sulphate. The organic layer was transferred into a new vial with a 300 µL fixed insert. Aliquots (1 µL) of the derivatized extracts were injected into a Shimadzu GC-MS (GCMS-TQ8030) equipped with an Agilent HP-5MS fused silica capillary column (30 m × 0.25 mm i.d., 0.25 µm film thickness). The gas chromatography system was equipped with a split/splitless injection port operating in Splitless mode. The oven temperature was programmed from 40 • C (5 min) to 270 • C (20 min), increasing the temperature at a rate of 5 • C min −1 . The transfer line was heated at 280 • C. The carrier gas was helium with a constant flow of 1 mL min −1 (mean velocity 36 cm s −1 ). The mass spectrometer was performed with electron ionization (EI) at 70 eV, operating in scan mode (75-500 amu). Identification of derivative amino acids was achieved by comparing the gas chromatography retention times and mass spectra with those of the pure standard compounds. All mass spectra were also compared with the data system library (NIST 11).
Total lipids, lipid classes and fatty acids
Total lipids (TL) were extracted with chloroform:methanol (2:1 v/v) containing 0.01% of butylated hydroxytoluene (BHT) as an antioxidant (Christie, 2003) . The organic solvent was evaporated under a stream of nitrogen and the lipid content was determined gravimetrically. Lipid classes were separated by one dimensional double development high performance thin layer chromatography (HPTLC) using methyl acetate/isopropanol/chloroform/methanol/0.25% (w/v) KCl (25:25:25:10:9 by vol.), as the polar solvent system and hexane/diethyl ether/glacial acetic acid (80:20:2 by vol.), as the neutral solvent system. Lipid classes were visualized by charring at 160 • C for 20 min after dipping in cupric acetate in 3% phosphoric acid (Olsen & Henderson, 1989) . Final quantification was made by densitometry in a CAMAG scanner at a wavelength of 325 nm, and by comparison with an external standard (Sigma-Aldrich). To quantify fatty acids (FA) the TL extracts were subjected to acid-catalyzed transmethylation for 16 h at 50 • C, using 1 ml of toluene and 2 ml of 1% sulphuric acid (v/v) in methanol. FAME were separated and quantified using a Shimadzu GC 2010-Plus gas chromatograph equipped with a flame ionization detector (280 • C) and a fused silica capillary column SUPRAWAX280 (15 m × 0.1 mm I.D.). Hydrogen was used as the carrier gas and the oven initial temperature was 100 • C for 0.5 min., followed by an increase at a rate of 20 • C min −1 to a final temperature of 250 • C for 8 min. Individual FAME were quantified by comparison with external standards (Sigma-Aldrich, St. Louis, MO, USA) (Guerra-García et al., 2016) .
Major and trace elements
Approximately 10 mg of the sample was digested with 0.5 mL of conc. HNO 3 and 1.0 mL of 30% H 2 O 2 . Then final solutions were made up to 5.0 mL in a volumetric flask with Milli-Q water. Trace and major elements concentrations were analyzed by ICP-MS (7700; Agilent, Santa Clara, CA, USA) and ICP-OES (Ultima2; Jobin Yvon, New York, NY, USA), respectively, at the University of Huelva. Multi-element calibration standards were freshly prepared by dilution from certified stock solutions, standard solutions of ultrapure quality, and milliQ-water. The accuracy and precision of the measurements was greater than 3% RSD.
Statistical analyses
The gross biochemical composition of the amphipod species (protein, lipid, ash, and carbohydrate) was expressed as the percentage on a dry weight basis.
To explore potential differences in the contribution of ashes, proteins, carbohydrates and total lipids, one-way ANOVA was used, including species as factor, with the two values of each station as replicates (n = 2). Prior to the ANOVAs, the homogeneity of variances was tested with Cochran's test. Where variances remained heterogeneous, even with transformation, untransformed data was analysed, as ANOVA is a robust statistical test and is relatively unaffected by the heterogeneity of variances, particularly in balanced experiments (Underwood, 1997) . In such cases, to reduce type I error, the level of significance was reduced to <0.01. When ANOVA indicated a significant difference, the source of the difference was identified using the Student-Newman-Keuls (SNK) tests.
Principal component analysis (PCA) was conducted to lipid class, fatty acids, amino acids and trace/major elements matrices for the ordination of amphipod species. Additionally, permutation tests for multivariate analysis of similarity (PERMANOVA) were conducted to explore significant differences among species using the different matrices (lipid classes, fatty acids, amino acids and trace/major elements).
Univariate analyses were conducted with GMAV, and multivariate analyses were carried out using PRIMER6 and PERMANOVA + package (Clarke & Gorley, 2001) .
RESULTS
General composition
The five dominant species in the present study (Table 1) showed a similar composition of ash, proteins and carbohydrates, but differed slightly in total lipids (Table 2 and Fig. 2 ). SNK tests revealed that M. gryllotalpa and M. acherusicum had a higher proportion of lipids (19.15% ± 0.48 and 18.35 ± 0.23, respectively, mean ± standard deviation) than the other three species, G. insensibilis (12.98 ± 2.01), M. palmata (15.9 ± 2.50) and C. filosa (13.42 ± 1.68). In general terms, all the species were characterised by high levels of protein (30.85-39.58%) and ash (34.81-49.34%) and lower levels of carbohydrates (3.51-6.90%) and lipids (11.56-19.48%).
Amino acids
The 13 amino acids detected with acid extraction are shown in Table 3 . The seven most abundant amino acids accounted for about 75% of total amino acids. Among them, three are essential (isoleucine, lysine and valine), three are non-essential (glycine, alanine and aspartic acid) and one is a semi essential amino acid (tyrosine). PERMANOVA analysis did not show differences in amino acids among species (Pseudo-F = 2.4224, P = 0.061). Axis 1 of PCA analysis (Fig. 3 ) explained 57.1% of total variation; tyrosine (r = 0.615, p < 0.05) and aspartic acid (r = −0.502, p < 0.05) correlated with axis 1, and separated G. insensibilis from the remaining species by higher values of tyrosine and lower aspartic acid content. The axis 2 (29.8% of total variation) correlated positively with glutamic acid (r = 0.612, p < 0.05), and separate M. acherisicum and G. insensibilis to M. palmata and C. filosa due to lower values of glutamic acid. Four amino acids showed differences (tyrosine (F = 29.905, p = 0.001), lysine (F = 14.415, p = 0.006), leucine (F = 10.774, p = 0.013) and proline (F = 29.271, p = 0.001)) among species in ANOVAs tests. SNK analysis separated G. insensibilis from the other four species with higher tyrosine and lysine, but lower proline contents; however, regarding leucine content, only M. acherusicum is separated due to its lower level.
Lipid classes and fatty acids
Regarding lipid classes, all studied species showed high PC, PE and TAG levels (Table 4) . Although PERMANOVA analysis showed differences in the lipid class profile among species (Pseudo-F = 4.01, p = 0.046), pair-wise tests did not show any differences. Axis 1 of the PCA analysis (Fig. 4 ) explained 95.2% of total variance. TAG correlated significantly with this axis (r = −0.98, p < 0.01) and separated M. acherusicum, with higher values of TAG, from the other species. Axis 2 explained 3.3% of total variance. PC correlated positively with this axis (r = 0.846, p < 0.01) and separated G. insensibilis, with lower values of PC, from the other species. ANOVAs confirmed differences among species in PC (F = 18.7, p = 0.033) and TAG (F = 5.47, p = 0.045). In both lipids class, the SNK test did not show differences among species. In connection with fatty acid composition, the most abundant fatty acids in all species were: the saturated 16:0, the monounsaturated 16:1n9 and 18:1n9, and the polyunsaturated 18:2n6, 20:5n3 (EPA) and 22:6n3 (DHA) ( Table 5 ). PERMANOVA also reflected global differences in fatty acid composition among species (pseudo-F = 9.97, p = 0.001) despite no differences in species pair-wise comparisons being detected. These differences were also supported by the PCA analysis (Fig. 5) . Axis 1 explained 67.7% of total variance and axis 2 explained 22.7%. The fatty acid 22:6 n3 (DHA) correlated positively with axis 1 (r = 0.657, p < 0.05), and separated M. acherusicum and M. gryllotalpa from the other species. 20:5n3 (EPA) correlated positively with axis 2 (r = 0.59, p < 0.05), and separated M.gryllotalpa from M. acherisicum. ANOVAs confirmed significant differences for these fatty acids among species (EPA, F = 6.03 p = 0.0375; DHA, F = 53.26 p = 0.0003). For both fatty acids the SNK test did not show differences among species. 
Trace and major elements
Silver (Ag), arsenic (As), cadmium (Cd), cobalt (Co), nickel (Ni), lead (Pb) and selenium (Se) were not detected. Cr values ranged from 8.74 to 81.62 ppm, Cu from 36.42 to 162.63 ppm and Zn from 36.64 to 322.61 (Table 6) . PERMANOVA results showed differences in the composition of trace and major elements among species (pseudo-F = 9.36, p = 0.007).
In the PCA analysis (Fig. 6 ), calcium (Ca) was significantly correlated (r = −0.98, p < 0.001) with axis 1, which explained 96.7% of the variance; this axis separated M. acherusicum and M. palmata with lower Ca levels. Axis 2 explained 1.9% of the variance; Na (r = −0.60, p < 0.05) and P (r = −0.56, p < 0.05) were negatively correlated. ANOVA also indicated significant differences for Ca (F = 20.31, p = 0.0027). The SNK test separated two groups, where M. acherusicum and M. palmata were the group with a lower Ca level. Na (F = 1.68, p = 0.28) and P (F = 0.19, p = 0.93) did not present differences according to the ANOVA test.
DISCUSSION
Aquaculture development requires sources of marine protein, n-3 LC-PUFA and micronutrients that are more sustainable than those currently in use, because, according to the FAO's (2016) report, fishery activity has stabilized around 90 million tons in the last 20 Pérez-Schultheiss & López, 2011 , Sepia officinalis had a similar growth using amphipods or mysids, and, in Baeza- Rojano et al. (2013a) , marine gammarideans were better live prey than Artemia and freshwater gammarids for culture of Octopus maya. Moreover, Lari et al. (2013) showed that sturgeon species, Acipenser gueldensuedtii and A. ruthenus, preferred Gammarus to polychaetes of the genus Nereis. 
General composition (proteins, carbohydrates, lipids and ashes)
In general terms, the studied amphipods from marsh ponds were characterised by high levels of protein and ash and low levels of carbohydrates and lipids. Protein values were similar to those found in copepods and mysids by other authors (Wang et al., 2014) , but lower than those reported for other amphipods from the Bay of Algeciras (BaezaRojano, Hachero-Cruzado & Guerra-García, 2014) . However, amphipods present a higher percentage of carbohydrates than other studied groups (e.g., Wang et al., 2014) . Taking into account the National Research Council's (NRC, 2011) indications, no dietary requirement for carbohydrates has been demonstrated in fish. However, carbohydrates are important for sparing proteins and lipids for energy provision, and for the synthesis of important compounds derived from carbohydrates (NRC, 2011) . Regarding lipid content, values of 5.9 and 7.7% of DW have been measured in Gammarus pulex and Carinogammarus roeselii respectively (Geng, 1925) ; similar to the Strait of Gibraltar amphipods (Baeza-Rojano, Hachero-Cruzado & Guerra-García, 2014) , but lower than total lipids measured in this study. However, higher lipid levels are normally found in deep-sea amphipod species (45% in populations of Monoporeia affinis (Lehtonen, 1996) ) and in Arctic and Antarctic species (27% in Onisimus affinis and 53% in Orchomonella plebs; Percy, 1979; Pearse & Giese, 1966) .
On the negative side, the high ash levels present in all the analysed amphipods species could be considered inadequate for feeding fish larvae (Moren et al., 2006; Opstad et al., 2006; Suontama et al., 2007) .
Amino acids
Dietary supplementation with ingredients rich in specific amino acids is beneficial, due to the crucial roles in cell metabolism and physiology of these molecules. Amino acids have several functions in fishes, such as: (1) increasing the chemo-attractive property and nutritional value of aquafeeds with low fishmeal inclusion; (2) optimizing efficiency of metabolic transformation in juvenile and subadult fishes; (3) reducing aggressive behaviours and cannibalism; (4) increasing larval performance and survival; (5) mediating timing and efficiency of spawning; (6) improving fillet taste and texture; and (7) enhancing immunity and tolerance to environmental stresses (Li et al., 2009) .
The three most abundant amino acids in the analysed species are the non-essential amino acids glycine, alanine and aspartic acid. Although non-essential they have a significant role in stimulating feeding response and energy mechanisms in fishes (Li et al., 2009) . Glycine participates in gluconeogenesis, sulphur amino acid metabolism, one-carbon unit metabolism and fat digestion (Fang, Yang & Wu, 2002) , stimulates feed intake (Shamushaki et al., 2007) , and has a critical role in the osmoregulatory responses of fishes and shellfishes (Li et al., 2009) . Alanine and Aspartic acid are two of the major glucogenic precursors and important energy substrates for fish, and can also stimulate the feeding response (Li et al., 2009) .
Isoleucine, leucine and valine are three of the most abundant essential amino acids in the analysed amphipods (EAA). These EAAs play important structural roles and are primarily deposited in body protein, notably in skeletal muscles (NRC, 2011) . Phenylalanine and tyrosine, an essential and conditionally essential amino acid respectively, are also abundant in amphipod species (Table 3) . The former can be converted to the latter, and dietary levels of both could profoundly influence pigmentation development, feed intake, growth performance, immunity, and survival of fish in natural environments (Pinto et al., 2008) . Consequently, fishes' dietary requirements for phenylalanine and tyrosine increase substantially during metamorphosis (Pinto et al., 2008) .
Analysed species show higher levels of the non-essential amino acids glycine, alanine and tyrosine, but lower levels of leucine, than other amphipods (Table 7) . The high levels of glycine and alanine are of special interest for fish feeding, because these amino acids are feed intake stimulators (Shamushaki et al., 2007) . Kasumyam & Mikhailova (2014) and Kasumyan & Marusov (2015) showed an increase in the fish's feed intake with alanine and glycine, respectively. Regarding essential amino acids, amphipods have higher levels of isoleucine and valine, but lower of leucine (Table 7) . These three AA are of interest for fish feeding because they play important structural roles and are primarily deposited in body protein, notably in skeletal muscles. In addition, Valine is involved in the synthesis of the myelin covering of the nerves (Cowey & Walton, 1989; Brosnan & Brosnan, 2006) .
Lipid classes and fatty acids
Among lipid classes, triglycerides (TAG) are the predominant form of lipid reserve, and are always mobilized before phospholipids (PL) during starvation (Sargent, Henderson & Tocher, 1989; Hachero-Cruzado et al., 2014) . The larvae presumably utilize the TAG to satisfy their energy demands while PL, which play an important structural role in the cell membrane, tend to be conserved (Rainuzzo, Reitan & Olsen, 1997) and increase the efficiency of the transport of dietary fatty acids and lipids from the gut to the rest of the body (Coutteau et al., 1997; Fontagné et al., 1998; Salhi et al., 1999; Tocher et al., 2008) . Studied amphipods have a similar range of phospholipids (PL) but higher TAG dispersion, with M. acherisicum and M. palmata showing higher levels of PL and TAG than other preys (Table 8) .
Regarding fatty acids, DHA is one of the most important fatty acids for its key role in the formation and composition of nervous tissue and the retina (Mourente & Tocher, 1992; Bell, McEvoy & Navarro, 1996; Coutteau & Mourente, 1997) . Recent studies search for new feed sources with higher levels of n-3 and n-6 PUFA. Table 9 compares the amounts of essential fatty acids in some crustacean species and rotifers with the amounts in ''El Toruño'' ponds' amphipods. For example, rotifers studied by Li et al. (2015) and Acartia tonsa (copepod) studied by Olsen et al. (2014) have the highest values of DHA and high EPA values, but they have lower amounts of ARA and total lipids (7.0 and 9.4%, respectively). Furthermore, A. tonsa is not easy to collect since a ship with trawls is necessary (Olsen et al., 2014) . We must also take into account that the rotifers had been enriched with a lipid emulsion (Marol E, prepared by SINTEF Fisheries and Aquaculture, Norway), based on the marine oil DHASCO (Martek Biosciences, Columbia, MD, USA), which is used as a TAG source rich in DHA (Li et al., 2015) . Both methods increase the economic cost. However, M. palmata and M. acherusicum are two species with high values of essential fatty acids; while Cymadusa filosa is is the species with the worst fatty acid profile of the five studied amphipod species.
Major and trace elements
Data of major and trace elements of amphipods from the ''El Toruño'' ponds can be compared with recent studies conducted in nearby areas with anthropogenic influence. In Algeciras Bay (Guerra-García et al., 2009) showed that there were elevated concentrations of heavy metals in the amphipods Caprella penantis and Hyale schmidti in the inner sites, higher than those obtained for amphipods of the PNBC's ponds. Guerra-García et al. (2010b) studied the levels of trace elements in several species of peracaridean crustaceans (amphipods, isopods and tanaids) from different sites of Southern Spain, and reported similar concentrations of Cr and Cu, higher values of As, Ni and Pb, and a considerably higher concentration of Zn than in the present study's amphipods. In the same area, Guerra-García et al. (2010a) also studied some major elements in peracarideans and all taxa presented similar levels of K and Mg (except amphipods with lower values) and similar Ca levels (except caprellids with higher values).
Other prey, such as rotifers and copepods (Maehre, Hamre & Elvevoll, 2013) , are characterised by a similar concentration of major elements (Ca, Mg, P y Cu) as that of the amphipods studied in the present work, but lower Fe values were measured in rotifers (unenriched and enriched).
Therefore, amphipods from ponds show better compositions of major and trace elements than other amphipods from nearby marinas (Guerra-García et al., 2010b) , except for values of Fe. The elevated levels of Fe should be further investigated due to the effects of iron toxicity, including reduced growth, increased mortality, diarrhoea, and histopathological damage to liver cells in fish (NRC, 2011) .
Nutritional requirements of aquaculture fishes
Marine fish larvae have a reduced ability to be fed prepared diets in early stages since they have lower digestion rates (Lauff & Hoffer, 1984; Kolkovsjki et al., 1993; Kolkovsjki, Arieli & Tandler, 1997) , low digestive enzyme activity and inadequate nutrition (Kolkovsjki et al., 1993; Teshima, Ishikawa & Koshio, 2000; Lazo et al., 2000) because the digestive apparatus of a larva is short and incomplete. In addition, the live food provides hormones, or their regulators, or growth factor (Lauff & Hoffer, 1984; Baragi & Lovell, 1986) , and aids in digestion (Rønnestad et al., 2007) . Considering this the amphipods (live or dry) could be better than a prepared diet.
Most of the research to understand nutritional requirements has focused on lipid requirements, concretely the level of phospholipids, DHA and EPA fatty acids. Marine fish larvae need an elevated protein percentage in their food to grow. Several studies of Atlantic salmon and many species of sea bass and sea breams have indicated that their larvae need around 50% of protein (NRC, 2011) , and the marine fish larvae have a need for approximately 10% of total lipids (Sargent et al., 1999) . Regarding lipid requirements, phospholipids (principally PC) are the most necessary, with the optimal dietary level around 3%. Additionally, 1% of LC-PUFA n3 is required with a DHA:EPA 2:1 ratio (NRC, 2011) . If studied amphipods are examined in the context of fish requirements we observe they have around 50% of protein, a range from 8 to 11% of total lipids, more than 3% of phospholipids (with an elevated PC level) and between 1% to 1.4% of LC-PUFA n-3, but they present a DHA:EPA 1:2 ratio, instead of the recommended 2:1 ratio.
Towards integrated multi-trophic aquaculture systems
During the last decade, there has been an increasing interest in the potential use of amphipods for aquaculture and ornamental aquariums. Woods (2009) conducted a comprehensive review examining aspects of the known biology and ecology of caprellid amphipods and their potential suitability as a novel marine finfish feed. In fact, he pointed out that caprellids could have a beneficial role to play in integrated coastal aquaculture, as a combined bioremediator and feed resource. Baeza-Rojano (2012) and Baeza-Rojano et al. (2013b) showed the suitability of amphipods to be included in Integrated MultiTrophic Aquaculture (IMTA) programs; feeding on by-products of other cultivated species. Guerra-García et al. (2016) demonstrated experimentally that detritus (mainly composed of uneaten feed pellets and fish faeces released by cultured fish in fish farms and sea-cage structures) can be a nutritionally adequate and cheap feed for caprellid amphipods, providing a source of both omega-3 and omega-6 fatty acids. Therefore, these authors underlined the suitability of amphipods to be used in IMTA systems associated with the extensive culture of floating farms of fishes or molluscs, or with intensive cultures in terrestrial systems.
The present study reveals an interesting example of potential IMTA systems combining the extensive culture of fishes and amphipods associated to the marsh ponds of Southern Spain. The extensive culture of fishes (mainly Sparus aurata and Dicentrarchus labrax) carried out in these modified marsh ponds with aquaculture purposes, could be developed in the context of these IMTA systems. Amphipods are naturally cultured in high densities associated to algae and/or other substrates (such as traps or other artificial devices where amphipods can attach). They feed mainly on detritus (e.g., faeces) produced by the fishes growing in the ponds. Thus, a high and sustainable production of amphipods can be obtained. These amphipods could be useful (i) as natural food for fishes cultured in the marsh ponds, and (ii) as an additional resource to be used in aquaculture (alive or liophilized, and whole or integrated in fish feed). Taking into account that amphipods exhibit fast growth, quickly reach reproductive maturity, have short interbrood periods, and are opportunistic feeders, the use of traps (such as those in Fig. 1 ), artificial meshes, cages, etc, could increase the available substrate for amphipods to cling on, reproduce and grow. Once these structures have been fully colonized by the amphipods (in a few weeks), they could be withdrawn and the amphipods removed using freshwater. The ponds are easily accessible from land; and algae, traps or other devices can be placed and replaced without great effort and with low costs. Marsh ponds are, consequently, promising locations to develop environmentally sustainable IMTA systems.
